Heme regulates B-cell differentiation, antibody class switch, and heme oxygenase-1 expression in B cells as a ligand of Bach2.
Heme binds to proteins to modulate their function, thereby functioning as a signaling molecule in a variety of biologic events. We found that heme bound to Bach2, a transcription factor essential for humoral immunity, including antibody class switch. Heme inhibited the DNA binding activity of Bach2 in vitro and reduced its half-life in B cells. When added to B-cell primary cultures, heme enhanced the transcription of Blimp-1, the master regulator of plasma cells, and skewed plasma cell differentiation toward the IgM isotype, decreasing the IgG levels in vitro. Intraperitoneal injection of heme in mice inhibited the production of antigen-specific IgM when heme was administered simultaneously with the antigen but not when it was administered after antigen exposure, suggesting that heme also modulates the early phase of B-cell responses to antigen. Heme oxygenase-1, which is known to be regulated by heme, was repressed by both Bach2 and Bach1 in B cells. Furthermore, the expression of genes for heme uptake changed in response to B-cell activation and heme administration. Our results reveal a new function for heme as a ligand of Bach2 and as a modulatory signal involved in plasma cell differentiation.